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Abstract 
In this paper, Rice water requirement and irrigation water requirement in Kunshan Irrigation and Drainage 
Experiment Station in 2046-2065 and 2081-2100 are forecasted based on the projected meteorological data of 
CGCM3.1 under SRA1B and SRB1 scenarios. Rice water requirements are estimated by using crop coefficient 
approach. Reference evapotranspiration are calculated by FAO Penman-Monteith method. Moreover, the irrigation 
water requirements are simulated by calibrated ORYZA2000 model. The results show that both crop water 
requirement and irrigation water requirement present upward trend in the future. In 2046-2065, the rice water 
requirement and irrigation water requirement increase by more than 2% and 5% under SRA1B and SRB1 scenarios, 
respectively. In 2081-2100, the rice water requirement and irrigation water requirement increase by more than 5% 
and 15% under SRA1B and SRB1 scenarios, respectively. Furthermore, the temperature rise may be the main reason 
for the increase in crop water requirement, while significant increase of irrigation water requirement should be 
attributed to combined action of rising temperature and a slight decrease in precipitation. 
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1. Introduction 
For hundreds of years, the global climate is gradually warming as the main characteristic of the 
significant change, average temperature has increased 0.74°C [1]. In China, global warming has caused 
significant influence in agricultural and food security [2]. Rice is one of the most important foods in the 
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world. China is a big country of rice production and consumers. Crop water and irrigation water 
requirements should be changed under the background that the relationship of precipitation and soil 
moisture has been influenced by the global climate change. 
General Circulation Model (GCM) from the IPCC was used to assess the impact of climate change. 
Scenario used for the past period (1961-1990) was 20C3M, and the future periods (2046-2065 and 2081-
2100) used two different emission scenarios SRA1B and SRB1. Using the data from the output of GCM, 
the change trends of crop water and irrigation water requirements are analyzed in the future. 
2. Materials and methods  
2.1. Data collection 
The climate model CGCM3.1 was used in this study, which spatial resolution is 1.85°×1.85°. The 
fourth IPCC assessment report provided eight kinds of climate change scenarios. The 20C3M scenario 
represents the climate of the 20th century. This experiment runs with greenhouse gases increasing as 
observed through the 20th century. Under scenario SRA1B, it is a future world of very rapid economic 
growth with global population that peaks in mid-century and declines thereafter. The other emission 
scenario is SRB1. It is a convergent world with the same global population as that of the A1 storyline but 
with rapid changes in economic structures towards a service and information economy. The 
meteorological elements from GCM model predictions must project changes in daily solar radiation, min-
temperature, max-temperature, mean wind speed, precipitation, relative humidity and atmospheric 
pressure. 
 
 
 
Fig.1. Location of the Yangtze River downstream Basin and the experiment station Kunshan 
Experiment data was from Kunshan Irrigation and Drainage Experiment Station, It is located between 
longitudes 120.81-121.15°E and latitudes 31.11-31.54°N (Figure 1.). ORYZA model parameters are 
calibrated by the experiment data in 2006, including LAI (leaf area index), WAGT (total aboveground dry 
matter), WLVG (dry weight of leaves), WST (dry weight of stems), WSO (dry weight of storage organs). 
2.2. FAO Penman-Montieth (PM) method 
There are several methods available for 0ET  estimation with different data requirement, among which 
from the simplest Hargarve method which depends only on temperature to the complex FAO Penman-
Montheith method which is physically based and explicitly incorporates both physiological and 
aerodynamic parameters [3]. The FAO Penman-Montheith method requires data on sunshine duration, 
temperature, relative humidity and wind speed and the equation [4] given as  
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where 0ET  is the reference evapotranspiration (mmday-1), nR  is the net radiation at the crop surface 
(MJ m-2 d-1), G  is the soil heat flux density (MJ m-2 d-1), T  is the mean daily air temperature (°C), 2u  is 
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the daily average wind speed at 2 m above ground level (ms-1), se  is the saturation vapor pressure (kPa), 
ae  is the actual vapor pressure (kPa), as ee   is the saturation vapor pressure deficit (kPa),   is the 
slope of the saturated vapor pressure in relation to air temperature (kPa °C -1) and   is the psychrometric 
constant (kPa °C -1). 
2.3. Rice water requirements 
The single crop coefficient method is used to calculate the rice daily water consumption. 
tctct KETET 0                                                                                                                          (2) 
where tcET  is the t day water consumption (mm), tcK  is the fires t day crop coefficient, its values 
adopted during the growing season were: 1.05 during the initial stage, from 1.05 to 1.63 during 
development stage,1.63 during the middle stage and from 1.63 to 1.13 during the late stage. The number 
of days in four stage were 16, 25, 40, 35d. The curve of tcK  is shown in Figure 2. 
 
 
 
 
 
Fig.2. Single crop coefficient curve 
2.4. Irrigation water requirements 
ORYZA2000 is the successor to a series of rice growth models developed in the 1990s in the project 
“Simulation and Systems Analysis for Rice Production (SARP)” [5].  ORYZA2000 is used in this paper 
to simulate irrigation water requirements. In Figure 3, biomass of leaves, stems, panicles and LAI were 
simulated well. Table 1 gives the goodness-of-fit parameters for the dynamic crop variables of the whole 
data set, the linear regression t-test level of most of the simulated value and observed value measured 
significantly between 0.28 and 0.48. Slope α is between 0.74 and 1.07, and correlation coefficient R² is 
between 0.82 and 0.99.  
 
 
 
 
Fig.3. Comparison of simulated and measured biomass of total aboveground dry matter, leaves, stems, panicles, LAI 
Table 1. Evaluation results for ORYZA2000 simulations of crop growth variables 
Variables N Xobs(SD) Xsim(SD) P(t*) α β R² RMSEa RMSEn 
WAGT 16 6079(5181) 6258(4789) 0.47* 1.62 -76.8 0.99 521.4 8.58 
WLVG 16 1196(710) 1383(786) 0.31* 0.9 302.72 0.82 330.8 27.7 
WST 16 2150(1527) 2640(1801) 0.28* 1.4 13.7 0.99 415.2 19.3 
WSO 10 1684(2500) 1738(2529) 0.48* 1.9 234.24 0.99 234.3 13.9 
LAI 16 3.23(1.66) 3.52(1.84) 0.37* 0.61 0.95 0.96 0.38 11.8 
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N, number of data pairs; Xobs, mean of measured values; Xsim, mean of simulated values; SD, standard deviation; P(t*), 
significance of paired t test; α, slope of linear relation between simulated and measured values; β, intercept of linear relation 
between simulated and measured values; R², adjusted linear correlation coefficient between simulated and measured values; RMSEa 
and RMSEn mean square error. In P（t*）, * means simulated and measured values are the same at 95% confidence level. 
3. Results and discussion 
In order to see clearly the change of rice water and irrigation water requirements because of the 
climate change, they are shown in Figure 4. Under SRA1B and SRB1 scenarios, the change tendency of 
rice water and irrigation water requirements are analyzed using the two future periods (2046–2065 and 
2081–2100) data. 
Table 2. Change of average cET  and irrigation water requirements 
 Climate 
change scene  Year ETc(mm) 
Irrigation 
water(mm) 
ETc  
Increase rate(%) 
Irrigation water 
Increase rate(%) 
20C3M 1961-1990 749.39  488.67      
SRA1B 2046-2065 786.01  540.00  4.89  10.50  
SRA1B 2081-2100 794.80  582.25  6.06  19.15  
SRB1 2046-2065 766.28  533.25  2.25  9.12  
SRB1 2081-2100 789.34  562.50  5.33  15.11  
3.1. Change of rice water requirements 
In Figure 4, cET (1961-1990, 20C3M scenario) present relatively stable in the past 30 years. The 
absolute value of slope is only 0.4. But cET (2046-2065 and 2081-2100, SRA1B scenario) present an 
upward trend in the future 20 years in Figure 4. And the average cET  increase 36.62mm and 45.41mm 
compared with original. Increasing range rate is 4.89% to 6.06% (Table 2). cET (2046-2065 and 2081-
2100, SRB1 scenario) don't show upward trend in the future 20 years. However, the average cET  still 
have significant growth. There are 16.90mm and 39.96mm increase which slightly less than that under 
SRA1B scenario. And increasing range rate also achieve 2.25% and 5.33% (Table 2).  
 
 
 
 
 
 
 
 
 
 
Fig.4. Variation in cET  and IR under different scenarios (A, denote 20C3M scenario, B and C denote SRA1B scenario, D and E 
denote SR1B scenario) 
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3.2. Change of irrigation water requirements 
The results of the similar study conducted for irrigation water requirements are shown in Figure 4, 
which reveal a similar changing pattern in some case. It can be seen from Figure 4 that IW (1961-1990, 
20C3M scenario) present upward trend in the past 30 years. Besides, Figure 4 shows that IW (2046-2065 
and 2081-2100, SRA1B scenario) present a rising trend in future years. Compared with IW (1961-1990, 
20C3M scenario), it basically has different levels of increase. The values of the mean irrigation water are 
540.00mm and 582.25mm which higher than 488.67mm under 20C3M scenario in 1961-1990. Increasing 
range rates of the mean irrigation water requirements are 10.50% and 19.15% (Table 2). IW (2046-2065 
and 2081-2100, SRB1 scenario) present a similar change trend in the future 20 years. There are 44.58mm 
and 73.83mm increase and increasing range rates of the mean irrigation water requirements are 9.12% 
and 15.11% (Table 2).  
4. Conclusion 
In this paper, we calculated separately the rice water and irrigation water requirements in 2046-2065 
and 2081-2100 under the two kinds of scenarios. And contrast with cET (1961-1990, 20C3M scenario) 
and  IW(1961-1990, 20C3M scenario), analyzed the change trend in the entire growth period. The main 
conclusion is that, because of the rise of temperature, rice water requirements in the future will present 
upward trend, rice water requirements increased respectively by 4.89% and 6.06% under SRA1B scenario 
and 2.25% and 5.33% under SRB1 scenario in 2046-2065 and 2081-2100. Due to increasing of rice water 
requirements and a slight decrease in precipitation, irrigation water requirements also similarly increased 
respectively by 10.50% and 19.15% under SRA1B scenario and 9.12% and 15.11% under SRB1 scenario 
in 2046-2065 and 2081-2100. 
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